Lumbar puncture (LP), a common diagnostic procedure, is usually associated with low morbidity. We describe the case of a 29-year-old woman who underwent a non-traumatic LP in the setting of normal coagulation. Cauda equina syndrome subsequently developed secondary to an extradural spinal haematoma. Avoidance, identification and management of this uncommon complication are discussed.
Introduction
Lumbar puncture (LP) is a common diagnostic procedure that is relatively straightforward to perform and usually associated with low morbidity. Though rare, significant neurological complications can occur. We present a case of extradural spinal haematoma (EDH) following LP. Early recognition of this disabling condition is important to reduce morbidity.
Case report
A 29-year-old woman underwent a LP for suspected demyelinating disease. Fully informed, written consent was obtained prior to the procedure. The LP was non-traumatic ( , absent right ankle reflex and S1 sensory loss). The bladder was also distended. An MRI identified a lentiform mass posterior to the L4/5 vertebral bodies compressing the cauda equina nerve roots. No vascular anomaly was seen. The imaging findings were consistent with an EDH (Fig. 1) . Further laboratory investigations revealed normal coagulation.
Sensory recovery was documented over the subsequent hours, and following neurosurgical consultation the haematoma was managed conservatively with dexamethasone (4 mg four times per day for 48 hours). Examination at discharge, 3 weeks later, revealed mild weakness in the tibialis anterior (4 + /5). A full recovery was noted at 3 months.
Discussion
Cauda equina syndrome secondary to EDH is a rare and potentially devastating complication of LP that can result in permanent paraparesis and loss of sphincter control. We discuss avoidance, identification and management.
Primary prevention should ensure LPs are only performed when truly justified, and then only after fully informed, written consent (including an explanation of the potential risk of bleeding).
1 Clotting abnormalities should be corrected preprocedure; spinal haematoma following LP is associated with coagulopathy in 47% of patients (Table 1) . A midline LP approach will minimise the risk of trauma to the artery and vein of Adamkiewicz, which are implicated in spinal bleeding. The impact of the spinal needle diameter and type are not established. Following LP, the principle indicator of spinal haematoma is severe lower back or radicular pain, found in approximately 58% of patients (Table 1) . Additionally, symptoms of cauda equina compression and meningism are typical. Our review of the literature (Table 1) identified that time to presentation is variable: acute, less than 6 hours (4 out of 18 cases, 22%), subacute, 6 to 24 hours (11 out of 18 cases, 61%), and chronic, greater than 24 hours (3 out of 18 cases, 17%). An absence of red blood cells in the CSF does not preclude the diagnosis; 50% of reported cases document clear spinal fluid (Table 1) . Physician awareness of spinal haematoma following LP is vital to expedite neurological examination and subsequent MRI scanning. 2 Delayed diagnosis is associated with poor prognosis. [3] [4] [5] We note that 70% of instances are identified after 12 hours and, of these, 50% remain paraplegic and disabled. Overall, 37% of patients with spinal haematoma remain paraplegic ( Table 1) . Management of post-LP spinal haematoma is similar to that of haematoma resulting from other causes. Clotting anomalies should initially be corrected. Rigorous clinical research to support surgical intervention versus conservative treatment is lacking.
3,6-9 Our review highlights that patients with EDH are equally likely to receive surgical intervention or conservative treatment, while those with subdural haematoma are more likely to be treated only surgically (67%). Additionally, conservative treatment may be appropriate in those patients who have mild symptoms and early signs of recovery. 9 In these instances, dexamethasone treatment and prolonged vigilant monitoring are advised. The most important prognostic factors, however, are time from LP to diagnosis, time from diagnosis to intervention, 5 and the extent of paraplegia at presentation. 
Conclusion
The rare complication of spinal haematoma following LP can result in significant morbidity, particularly if the diagnosis is delayed; 50% of patients remain paraplegic if spinal haematoma is identified more than 12 hours after symptom onset. Normal coagulation and a non-traumatic LP do not exclude this diagnostic possibility. Even with bladder dysfunction, neurosurgical intervention is not always necessary if there are early signs of recovery.
